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Impact of V/III ratio on electrical properties of GaN thick films are investigated, which are grown
by hydride vapor-phase epitaxy. The authors note that the electron concentration of GaN films
decreases with the increase of V/III ratio, while their electrical resistivity and electron mobility
increase simultaneously. These indicate that enhancing V/III ratio suppresses electron-feeding
sources in GaN films, which is not by generating electron-trapping centers but by reducing
donor-type defects. On the other hand, it is shown that the linewidth of x-ray rocking curves in GaN
films decreases and the near-band edge emission intensity of 10 K photoluminescence spectra
increases as V/III ratio increases. These mean that higher V/III ratio condition helps for reducing
crystalline point defects in GaN films. In terms of theoretical fitting into the temperature-dependence
curves of electron mobilities, it is found that the electron transport of GaN films grown in lower
V/III ratio condition is more hampered by defect scatterings. Consequently, it is suggested that the
generation of donor-type defects in the GaN thick films is more suppressed by higher V/III ratios,
which induces lower background electron concentration and higher electron mobility. © 2007
American Institute of Physics. DOI: 10.1063/1.2786851
GaN has attracted a tremendous interest as a material for
optoelectronic and high-power devices in blue and ultraviolet
regions because of its large direct bandgap of 3.4 eV and
strong interatomic bond strength. However, GaN films have
been generally grown on Al2O3 substrates with a lattice mis-
match of 16%.1,2 Moreover, most of GaN films suffer from a
severe unbalance between vapor pressures of gallium and
nitrogen during the growth at high temperature,3–6 which
gives rise to unfavorable effects on their material properties.
Thus, the control of V/III ratio is essential to obtain high
quality GaN films. Until now, the influences of V/III ratio on
structural properties and optical properties in GaN films are
reported by many researchers, especially for molecular-beam
epitaxy MBE and metal-organic vapor-phase epitaxy
MOVPE. In the MBE-grown GaN films, it is known that at
a beam-equivalent flux ratio that satisfies a stoichiometric
condition the most smooth surface morphology and the nar-
rowest x-ray linewidth are obtained, and the structural prop-
erties are fast degraded when their growth condition is de-
parted from the beam flux ratio.4 In the MOVPE-grown GaN
films, it is known that strong yellow luminescence at around
2.2 eV frequently appears in photoluminescence PL spec-
tra, those yellow emission is suppressed by increasing V/III
ratio.7–9 However, the impact of V/III ratio on the electrical
properties of GaN films is not investigated in detail.
In this letter, we report on electrical properties of GaN
thick films grown under various V/III ratios by hydride-
vapor phase epitaxy HVPE. In order for systematic work,
we discuss the electrical properties of GaN films in conjunc-
tion with their structural and optical properties. Finally, we
investigate the scattering mechanisms that dominate the elec-
tron transport of GaN films.
GaN thick films were grown by HVPE on GaN tem-
plates, i.e., 1 m thick GaN films on Al2O3 substrates grown
by MOVPE.10,11 In the HVPE growth, HCl gas reacts with
Ga liquid on a Ga boat to form GaCl gas. The GaCl gas is
transferred to a growth region and reacts with NH3 gas to
deposit GaN epitaxially on a substrate. Then the tempera-
tures of the Ga boat and the growth zone were maintained at
850 and 1040 °C, respectively. On the other hand, V/III ratio
was controlled by varying the flow rate of GaCl gas with the
flow rate of NH3 gas being kept constant. The partial pres-
sure of NH3 gas was 0.35 atm. The partial pressure of
GaCl gas was in the range of 6.9010−3–1.3810−2 atm
V/III=25–50.
Figure 1 plots electrical resistivity, electron concentra-
tion, and electron mobility against V/III ratio for GaN thick
films. It is shown that the electron concentration of GaN
films decreases as V/III ratio increases, while their electrical
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FIG. 1. Resistivity, electron concentration, and electron mobility as a func-
tion of V/III ratio for GaN thick films, which are measured by Hall mea-
surements at room temperature.
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resistivity and electron mobility increase. We note that this
dependence of electrical properties on V/III ratio is different
from previous reports. Look et al. has reported that electrical
resistivity in GaN films grown by MBE increases with in-
creasing N flux, while electron concentration and electron
mobility decrease simultaneously.12 They have suggested
that increasing N flux induces point defects in GaN lattices,
which form deep levels in the bandgap to reduce the free
electrons generated by native defects. This in turn changes a
dominant conduction mechanism from carrier transport in
the conduction band to carrier hopping among the deep
centers.12–14 On the other hand, Saarinen et al. has reported
similar results in GaN films grown by MOVPE. They have
suggested that decreased electron concentration in higher
V/III ratio is due to the carrier compensation by Ga
vacancies.7–9 However, it can be found that the GaN films
used in this work exhibit higher mobility value with increas-
ing N flow. In this point, it is helpful for referring to the
carrier compensation of ZnSe, which has suffered from simi-
lar problems in the conductivity control.15–18 In the ZnSe
films doped with impurities such as Cl, Ga, or Al, their elec-
trical properties are strongly dependent on doping: when
doping concentration decreases, electron concentration de-
creases, while electrical resistiviy and electron mobility in-
creases simultaneously. Therefore, it is expected that enhanc-
ing V/III ratio in the GaN thick films suppresses electron-
feeding sources, which is not by generating electron-trapping
centers but by reducing donor-type defects, and it induces the
increase of electron mobility.
Figure 2 plots x-ray linewidth as a function of V/III ratio
for GaN thick films. It is shown that the obtained values in
GaN films are in the range of 300–450 arc sec, and each
value decreases as V/III ratio increases. The x-ray linewidth
arises from the local tilting of reflection planes due to point
defects and dislocations in heteroepitaxilly grown films and
is strongly dependent on the amounts of the structural
defects.19 It was found that the GaN films include the dislo-
cation density of 109 cm−2 and the etch pit density of 5
108 cm−2 by transmission-electron microscope and optical
microscope inspections, respectively.10,11 Therefore, it is ex-
pected that higher V/III ratio condition helps for reducing
crystalline point and line defects in the GaN thick films.
Figure 3 shows 10 K PL spectra for GaN thick films and
their emission intensities at the near band edge NBE and
the yellow emission band as a function of V/III ratio, respec-
tively. It is found that the NBE emission is dominated by
donor-bound excitons at 3.486 eV and the yellow emission is
determined by a deep-level emission band of 500 meV at
2.2 eV.8,9,20,21 It is generally known that GaN films suffer
from native defects such as nitrogen vacancy VN and gal-
lium vacancy VGa because of their small formation ener-
gies, which form shallow or deep levels into the bandgap and
influence their optical and electrical properties.7–9,22,23 VN
has an ionization energy of 21 meV and generates a shallow
level below the conduction-band minimum to have a role of
a donor.22–24 Donor-bound excitons at the NBE of PL spectra
are ascribed to those donor-types of defects.20,21,24 On the
other hand, VGa has a deep level above the valence-band
maximum and is able to trap a free electron as an acceptor-
type defect.7–9 The yellow emission of PL spectra are attrib-
uted to those acceptor-type defects.7–9 In the inset of Fig. 3,
it is shown that the NBE emission intensity increases and
decreases with the increase of V/III ratio in the GaN thick
films. It is expected that the low emission intensity in a low
V/III ratio is ascribed to the generation of nonradiative cen-
ters, adjudging from the low electron mobility and the large
x-ray linewidth, while the decreased emission intensity in a
high V/III ratio is ascribed to the reduction of donor-type
defects, adjudging from the low background electron con-
centration. On the other hand, it is shown that the yellow
emission intensity decreases continuously with the increase
of V/III ratio in the GaN thick films. It is expected that lower
emission intensity in higher V/III ratio is attributed to the
decrease of acceptor-type point defects. However, it is ex-
pected that the influence of acceptor-type defects is negli-
gible in the GaN thick films, compared to that of the donor-
type defects, because the yellow emission intensity is 1000
times smaller than the NBE emission intensity.
On the basis of previous results, the scattering mecha-
nisms that dominate the electron transport of GaN thick
films are investigated in terms of theoretical fittings into
temperature-dependent curves of electron mobilities. It is re-
ported that lattice scatterings by crystal lattices are composed
of optical-polar phonon, piezoelectric effect, and deforma-
tion potential terms.25–27 The lattice scatterings, which are
not related to impurities and defects in GaN films, are more
dominant in room temperature than low temperature, be-
FIG. 2. X-ray linewidth for 0002 reflection, measured by high-resolution
x-ray diffraction, as a function of V/III ratio for GaN thick films.
FIG. 3. 10 K photoluminescence spectra of GaN thick films. Inset: emission
intensities at near band edge and yellow emission band as a function of V/III
ratio.
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cause they are proportional to temperature.25–27 On the other
hand, it is reported that defect scatterings by defects in wide-
bandgap semiconductors are determined by ionized impuri-
ties.25–27 However, Look et al. has reported that GaN films
grown directly on Al2O3 substrates contain a thin and highly
degenerate n-type region which is close to GaN/Al2O3 inter-
face and is likely associated with high-density stacking
faults.14 They have also suggested that those degenerate in-
terface layer significantly affects the electron transport below
30 K. Recently, Mavroidis et al. have reported that the elec-
tron transport of GaN films can be explained by considering
a scattering term by local defects such as point defects or
local strains and it is empirically expressed in the form of
C /T1.5, where the proportional constant C expresses the de-
gree of the scattering.27 Figure 4 shows the fitting results for
the GaN film of V/III ratio=50, which is theoretically calcu-
lated by including these scattering mechanisms into Matthie-
sen’s rule.25–27 It can be found that the defect scattering
terms are more influential to the electron transport of the
GaN film than the lattice scattering terms: 1 in a low tem-
perature region below 150 K, the ionized-impurity scattering
and the dislocation scattering are dominant, and 2 near
room temperature above 150 K, the ionized-impurity scatter-
ing and the local-defect scattering become dominant. In
Table I, the fitting parameters used in theoretical calculation
are summarized. It should be noted that ionized-impurity
concentration, dislocation density, and degree of local-defect
scattering decreases, as V/III ratio increases, which is con-
sistent to experimentally obtained results. Consequently, it is
suggested that the generation of donor-type defects that sup-
ply free electrons in the GaN thick films is more suppressed
by higher V/III ratio, which induces lower background elec-
tron concentration and higher electron mobility.
In summary, we noted that a different dependence of
electrical properties on V/III ratio is shown in the GaN thick
films grown by HVPE, compared to previous reports: the
electron concentration of the GaN films decreases and the
electron mobility increases, as V/III ratio increases. This in-
dicates that enhancing V/III ratio suppresses the generation
of donor-type defects in the GaN thick films, which induces
lower background electron concentration and higher electron
mobility.
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FIG. 4. a Temperature-dependent curve of electron mobility in the range
of 30–300 K for a GaN thick film grown in V/III ratio=50 and its theoret-
ical fitting by using Matthiesen’s rule. total is the total electron mobility,
optical-polar the optical-polar phonon scattering, piezoelectric is the piezoelec-
tric scattering, deformation is the deformation scattering, ionized impurity is the
ionized-impurity scattering, dislocation is the dislocation scattering, and
local defect is the local-defect scattering. Open circles are experimental re-
sults and solid lines are theoretical results.
TABLE I. Ionized impurity concentration Ni, dislocation density Ndis,
and degree of local-defect scattering C, estimated from theoretical fittings
into temperature-dependent curves of electron mobility.
V/III=25 V/III=38 V/III=50
Ni cm−3 3.71018 2.71017 2.01017
Ndis cm−2 2.0109 8.0108 4.0108
C dimensionless 1.3106 0.9106 0.4106
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